The origin of species after 150 years: one hundred and fifty years without Darwin are enough by Nanjundiah, Vidyanand
124 RESONANCE ⎜ February  2009
GENERAL  ⎜ ARTICLE
The Origin of Species after 150 Years
One Hundred and Fifty Years without Darwin are Enough
Vidyanand Nanjundiah
* Text of the L K Ananthakrishnan
Memorial Lecture, Pune, 13 Feb-
ruary 2009.
Keywords
Evolution, natural selection,
Darwinism, heredity, variation.
The author has a PhD in
physics from the Univer-
sity of Chicago.  His
research interests lie in the
areas of developmental
biology and evolution.
A h a p p y a c c id e n t e n a b le d th e y o u n g C h a rle s D a r-
w in to g o o n a v o y a g e o f e x p lo ra tio n a ro u n d th e
w o rld . A m o n g th e o u tc o m e s o f th a t v o y a g e w a s
a b o o k , T h e O rig in o f S p ec ie s , w h ich w a s p u b -
lish e d in 1 8 5 9 . In it D a rw in d e v e lo p e d a p e rsp e c -
tiv e o f th e liv in g w o rld th a t, a s w e h a v e c o m e
to re a lise , e n c a p su la te s its e sse n c e . B y v ie w -
in g p la n ts a n d a n im a ls a s d y n a m ic a l e n titie s th a t
w e re su b je c t to e x te rn a l fo rc e s, h e w a s a b le to
sh o w c o n v in c in g ly th a t th e y h a d e v o lv e d , o n th e
w h o le b y a p ro c e ss k n o w n a s n a tu ra l se le c tio n . In
d o in g so h e m a d e th e p o in t th a t th e liv in g w o rld
w a s e x p la in a b le o n th e b a sis o f n a tu ra l la w s a n d ,
a t th e sa m e tim e , th a t b io lo g y c a n la y c la im to a n
a u to n o m o u s sta tu s a m o n g th e n a tu ra l sc ie n c e s.
P a ra d o x ic a lly , h e a c c o m p lish e d a ll th is w ith o u t
k n o w in g h o w h e re d ity w o rk e d o r v a ria tio n s o c -
c u rre d . T h is a rtic le a tte m p ts to lo o k a t T h e
O rig in o f S p ec ie s fro m th e v a n ta g e p o in t o f th e
p re se n t. A n a c c o u n t o f th e e v e n ts th a t le d to th e
w ritin g o f th e b o o k w ill b e fo llo w e d b y a q u ick
ru n th ro u g h its c o n te n ts. T h e e ssa y e n d s w ith a
m e n tio n o f so m e issu e s th a t c o n tin u e to e n g a g e
e v o lu tio n a ry b io lo g ists to d a y .
B a ck g ro u n d
T h e su b -title o f th is article is b orrow ed from tw o d is-
tin gu ish ed stu d en ts of evolu tion , H erm a n n M u ller a n d
G eorg e G ay lord S im p son . M u ller a n d S im p so n seem to
h ave in d ep en d en tly ch osen \ O n e h u n d red years w ith ou t
D a rw in are en ou g h " a s a n ap p rop riate w ay to ex p ress
th eir d ism ay at th e m isu n d ersta n d in gs ab ou t D a rw in ism
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Confusion about
natural selection,
Darwin’s revolutionary
contribution to biology,
persists to this day, as
much among
biologists as others.
Darwin’s
contributions to
biology go far beyond
writing The Origin of
Species; he was to
develop many of the
ideas that he
presented there in
greater detail  later.
th at p revailed a t th e tim e w h en th e cen ten ary o f th e
p u b lication of T he O rigin of S pecies w as b ein g cele-
b rated . C o n fu sion ab ou t n atu ral selection , D arw in 's
revolu tio n ary co n trib u tion to b iolog y, p ersists to th is
d ay, as m u ch am on g b io lo gists as o th ers. It m ay n ot
b e in ap p ro p ria te for u s to recall th e m essa ge of M u ller
an d S im p son b y say in g \ O n e h u n d red a n d ¯ fty y ea rs
w ith ou t D arw in a re en o u gh " .
O n the O rigin of Species by M ean s of N atural Selection
or the P reservation of F avoured R aces in the Struggle
for L ife is th e fu ll, u n w ield y title o f th e b o ok w ritten b y
C h a rles D a rw in a n d p u b lish ed in L o n d on b y J oh n M u r-
ray o n 24 N ovem b er 1 859 . It so ld o u t im m ed iately, w a s
q u ick ly rep rin ted , an d w en t th rou g h six ed itio n s in D a r-
w in 's lifetim e. T h e ed ition s con tain ex ten siv e ch a n ges
an d rev ision s. S o m e ch a n ges w ere m a d e to correct o b -
v io u s m isp rin ts an d erro rs, so m e w ere m ea n in g fu l ad d i-
tio n s (th e p h rase s`u rv iva l of th e ¯ ttest' ap p ea rs in th e
¯ fth ed ition a n d e`vo lu tion ' in th e six th ), a n d oth ers in -
vo lv ed a soften in g of stan d on D arw in 's p a rt ( b` y th e
crea tor' is a d d ed after b` reath ed ' in th e last p a ragra p h
of th e seco n d ed itio n ). It is g en era lly b elieved th a t th e
¯ rst ed itio n is tru est to th e real D a rw in , an d it is th e on e
th at is th e th em e of th is a rticle. D a rw in 's con trib u tio n s
to b iology go fa r b eyo n d w ritin g T he O rigin of Species;
h e w as to d evelo p m an y of th e id eas th a t h e p resen ted
th ere in grea ter d eta il later. N ev erth eless, b eca u se it
con tain s b oth a co m p reh en sive v iew o f th e ev olu tio n ary
p ro cess an d d escrib es a p lau sib le p ro cess b y w h ich evo -
lu tion co u ld o ccu r (n am ely, b y n atu ra l selection ), th e
b o ok retain s an icon ic statu s.
T he O rigin of Species is som etim es sp o ken of in th e sa m e
b reath as N ew ton 's P rincipia. A s far as th e im p orta n ce
of th e tw o b o ok s in th e in tellectu a l h istory o f th e n a t-
u ral scien ces g o es th e com p arison is ap t. H ow ev er, it
is m islead in g in tw o resp ects. O n e, ev en at th e tim e
it w as w ritten th e P rincipia w a s h eav y goin g (th at it
126 RESONANCE ⎜ February  2009
GENERAL  ⎜ ARTICLE
The Origin  became a
hit  with the literate
public. Such is the
quality of Darwin’s
prose that the book
can be read to this
day for sheer
pleasure.
People continue to
read Darwin, continue
to find new sources of
inspiration in his
writings, to discover
new insights and
develop them further.
w as w ritten in L atin an d u sed geom etric m eth o d s w ere
ad d ed d i± cu lties). G en eration s of p h y sicists ca n attest
to its d en sen ess; as recen tly a s 19 95 S C h an d ra sek h ar
cam e ou t w ith a g u id e en titled N ew ton's P rin cipia for
the C om m on R eader ( f`or th e u n com m on p h y sicist' m ay
h ave b een closer to th e m ark ). T h ere is so m eth in g of th e
m agician in N ew ton a n d rea d in g h im m ak es it clea r th at
d eep tru th s are b ein g con v ey ed . In con trast w h a t D a r-
w in say s is tran sp a ren t to th e ex ten t th at on e's ¯ rst re-
actio n is to w on d er w h at th e fu ss is a ll a b o u t (th ou g h th e
ap o cry p h al V ictoria n la d y w h o said \L et u s h o p e th at
w h a t M r. D arw in say s is n ot tru e; b u t, if it is tru e, let u s
h op e th a t it w ill n o t b ecom e gen era lly k n ow n " ca u gh t on
to its sign i¯ ca n ce). T he O rigin b eca m e a h it w ith th e
literate p u b lic. S u ch is th e q u a lity o f D a rw in 's p rose
th at th e b o o k ca n b e read to th is d ay fo r sh eer p leasu re
{ alm ost b ed tim e rea d in g m aterial. J T B o n n er, on e of
th e lead in g evo lu tion ists o f ou r d ay, h a s d raw n a tten tion
to th e very ea se o f u n d erstan d in g o f D arw in 's w ritin g a s
a reaso n w h y it m ak es som e p eo p le d ou b t th a t n atu ral
selectio n can b e correct (ap p a ren tly th e m ath em a tician
H a rish -C h a n d ra on ce told B on n er h ow h e fo u n d it d i± -
cu lt to b eliev e th a t an y th in g th at sim p le co u ld accou n t
for th e m essin ess o f th e liv in g w o rld ). M a n y w ill h ave
ech o ed T H H u x ley 's fam ou s rem ark a fter ¯ rst rea d in g
T he O rigin : H ow stu p id of m e n ot to h av e th ou g h t of
th at. T h ere is a n oth er d i® eren ce b etw een th e P rin cipia
an d T he O rigin of S pecies. O n e h a rd ly ev er ex p ects to
¯ n d a referen ce to N ew ton 's w o rk in th e literatu re of
con tem p o rary p h y sics; D a rw in con tin u es to b e cited all
th e tim e. N ew ton ian th in k in g h ad ¯ rst to b e assim ilated
b y in term ed iaries an d th en tran sm itted b y th em . O n ly
la ter on w a s it a b sorb ed an d ad a p ted to serv e d i® eren t
en d s an d citation s to d eriva tiv e w ritin gs b eg an to ac-
cu m u late. In con trast, p eo p le con tin u e to read D arw in
for th em selves, co n tin u e to ¯ n d n ew so u rces of in sp ira -
tio n in h is w ritin gs, to d iscover n ew in sigh ts an d d evelop
th em fu rth er. W ith so m e ex ag geration , o n e co u ld say
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Darwin developed
and retained
throughout his life
a keen interest in
the outdoors, in
observing plants
and animals and
especially when
young in collecting
beetles.
th at N ew to n w rote S utras th at req u ire B hashyas to b e
u n d ersto o d ; D arw in sp eak s d irectly to everyo n e.
T h e B e a g le V o y a g e a n d T h e re a fte r
A n u m b er of even ts con trib u ted to sh ap in g D arw in 's ca -
reer to th e d ecisive m o m en t w h en th e b o o k cam e to b e
w ritten . T h e sto ry is in stru ctiv e; it illu strates th at in
h u m a n a® airs, it is n o t ea sy to p in p oin t ca u ses. B orn
on 12 F eb ru a ry 180 9, D arw in grew u p as th e in d u lged
so n o f a rich p h y sician . H u n tin g fo r sp ort w a s th e on e
th in g a b o u t w h ich h e w as p assio n ate. B esid es w an tin g
to h ave a go o d tim e, h e d id n ot a p p ear to b e m otivated
to d o an y th in g. D esp ite th at, D arw in d evelo p ed a n d
retain ed th rou gh o u t h is life a keen in terest in th e o u t-
d o ors, in ob serv in g p lan ts a n d a n im als, an d esp ecially
w h en y ou n g in collectin g b eetles { p art o f a fa d th at h ad
sp read th ro u gh V icto ria n E n glan d . H is fa th er R ob ert
h ad tried to m ake h im fo llow in h is fo otstep s b y sen d in g
h im to stu d y m ed icin e in E d in b u rgh , b u t th at w as n ot a
su ccess. H e fou n d th e lectu res b orin g a n d w a s h o rri¯ ed
b y su rgery, w h ich at th at tim e w as carried ou t w ith -
ou t an a esth esia. T h e fath er d ecid ed th a t a clergy m an 's
life w a s th e on ly op tion left fo r h is so n . A d egree from
C a m b rid ge or O x fo rd w a s a p rereq u isite for ord in ation
in th e A n glica n C h u rch . T h e ch o ice fell o n C am b rid g e:
R ob ert D arw in an d h is fa th er E ra sm u s, b oth irreligiou s,
b o th su ccessfu l d o ctors (in E ra sm u s's case w ith w id e-
ran g in g ta stes in a rea s th at in clu d ed n atu ra l h istory a n d
evolu tion ), h ad stu d ied th ere.
T h e task of g ettin g a d egree w as n o t a d em an d in g on e
b u t ev en so D arw in cam e clo se to fa ilin g. T h e situ a -
tio n w a s saved b y th e h elp of sp ecia l tu ition s from th e
P rofesso r of B otan y in C am b rid g e, J o h n H en slow , w h o
h ad b ecom e h is frien d a n d m en to r. H en slow seem s to
h ave b een th e ¯ rst p erson to h ave sp o tted in th is you n g
m an a scien ti¯ c m in d th at w as ou t of th e ord in ary. D a r-
w in m a n aged to clea r h is B A ¯ n a ls b u t h a d to rem ain
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In 1831, Henslow
recommended the
22 year-old Darwin’s
name for the post of
unpaid companion-
naturalist to Captain
FitzRoy, who was to
lead a naval
expedition to chart
the coast of South
America.
in C am b rid g e for a fu rth er six m on th s to fu l¯ l th e U n i-
versity 's resid en cy req u irem en t. F in d in g h im self free of
all o th er acad em ic co m m itm en ts, h e m ad e u se of th e
b reak to d o som e rea d in g for h is ow n p leasu re. A D is-
course on n a tu ral p h ilo sop h y b y th e m a th em a ticia n a n d
astro n om er J oh n H ersch el m ad e h im feel eag er to d o
so m eth in g for scien ce. A lex an d er v on H u m b o ld t's d e-
scrip tion o f h is S ou th A m erica n travels cap tivated h im
to th e ex ten t th at h e d ecid ed to org an ise a sm all ex -
p ed itio n to stu d y th e b otan y an d geolog y o f T en erife,
on e of th e C an a ry Islan d s o ® th e A frican coa st. T h e
p lan fa iled , b u t th an k s on ce ag ain to H en slow 's assis-
tan ce, D a rw in h ad em b ark ed on a cou rse of p rep a ratory
train in g w ith th e em in en t P ro fessor of G eo lo gy, A d am
S ed gw ick . G eology h ad b ored h im in E d in b u rgh ; b u t
S ed gw ick 's in stru ctio n aw ak en ed su ch a n in terest in th e
su b ject th at h e so on b ecam e som eth in g of a n ex p ert.
V ery so o n th ereafter, in 1 831 , H en slow , h av in g co n sid -
ered a n d tu rn ed d ow n th e o ® er h im self, recom m en d ed
th e 22 y ea r-old D arw in 's n am e for th e p ost o f u n p aid
com p an ion -n atu ralist to C ap tain F itzR oy, w h o w a s to
lea d a n aval ex p ed ition to ch art th e co ast o f S o u th A m er-
ica . D a rw in w a s overjoyed an d w an ted to a ccep t at on ce.
T h e ex asp erated fa th er refu sed p erm issio n a t th e th resh -
old o f th e step th at w as to ch a n ge th e w orld of scien ce.
R ob ert D arw in o n ly saw yet an oth er p o stp o n em en t of
th e d ay w h en h is so n w ou ld b egin to m a ke som eth in g of
h im self. T h e tim ely in terven tion of D a rw in 's m atern al
u n cle J o siah W ed g w o o d m ad e h im ch an ge h is m in d (see
B ox 1 for an a ccou n t w ritten m u ch later b y D arw in 's
d au g h ter H en rietta).
T h e ¯ ve years th at h e sp en t o n th e B eagle (D ecem b er
18 31 to O cto b er 183 6) w ere to p rov e th e d e¯ n in g ele-
m en t in D arw in 's ca reer. T h e voy age to ok h im aro u n d
th e w orld : sou th w ard s from E n glan d to B ah ia in B ra zil,
aro u n d P ata gon ia, u p th e C h ilean coa st, w estw ard s ac-
ross th e P aci¯ c (w ith a n ep o ch al h alt o n th e G a l¶ap ago s
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B o x 1 . `T h e w a y in w h ic h m y F a th e r g o t to g o w ith th e B e a g le ';
H e n r ie tta L itc h ¯ e ld , O c t 1 8 7 3
(http://darwin-online.org.uk/content/frameset?itemID=
CULDAR262.23.4&viewtype=text&pageseq=1) .
The players in the story are Charles Darwin's father, his maternal uncle Josiah Wedg-
wood, John Henslow the botanist who was Darwin's friend and mentor at Cambridge, the
Reverend George Peacock, a Cambridge mathematician, and Captain Fitzroy, a deeply
religious naval commander who was looking for `a good Christian and cultivated natu-
ralist' to accompany him on a round-the-world voyage on the ship H M S B ea gle , whose
mission was `completing the survey of Patagonia and Tierra del Fuego; to survey the
shores of Chile, Peru, and some islands in the Paci¯c; and to carry a chain of chrono-
metrical measurements round the world' .
In the words of his daughter Henrietta, \Capt Fitzroy sent through Capt. Beaufort to
`Old Peacocke' of Cambridge to ask if he knew of any energetic young man ¯t to observe
the Nat. Hist of the countries at which they wd touch & to collect specimens - only
reserving for himself the task of observing the savages with whom they might come in
contact. For this purpose he generously o®ered to share his cabin if anyone could be
found to come. Through Peacocke Prof Henslow stated that though my Father knew
very little he would be ¯t for the purpose & would be active & zealous. My Father
was delighted with the scheme: but he found that the Doctor thought it utterly wild
& foolish & that to go would be the ruin of his career. He ended by raging, `Well if
you could ¯nd o n e sensible man who thinks it a wise scheme you may go.' Seeing how
strong was his Father's disapproval my Father gave it up with many pangs. This took
place just before the 30th Aug on wh. day my F. went over as was his universal custom
to Maer a place about 20 miles o® belonging to his uncle Mr Wedgwood ::: When he
arrived at Maer he was lamenting his fate & happened to repeat his father's last words
to Mr Wedgwood. His delight was great on ¯nding that Mr W. was of quite a di®erent
opinion ::: The di±culty of his fathers objections was thus got over, & it was arranged
to accept Fitzroy's o®er. . . My father, however, heard afterwards from Fitzroy that he
very nearly gave up taking him for an original reason. It appears that he had a great
belief in physiognomy & on seeing my F. made up his mind that no man with such a
nose could have energy ::: I believe, however, that his brow saved him."
isla n d s), to N ew Z ealan d , S id n ey, T asm an ia, a rou n d th e
C a p e o f G o o d H op e, a retu rn to B a h ia a n d th en h om e.
S ailin g d id n ot ag ree w ith h im , b u t w h en ever th e sh ip
tou ch ed la n d a n d h e co u ld get d ow n , h e p aid k een a t-
ten tion to p lan t a n d a n im al life, fo ssils in clu d ed , m ad e
geolog ical o b servation s, co llected a ssid u ou sly an d kep t
sh ip p in g sp ecim en s b ack to E n glan d . T h ere w as an es-
p ecia lly lon g h alt in P ata go n ia . T h e co llection s h elp ed
m ake h is rep u tation a s a n atu ra list w h en h e w a s still
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Darwin slowly began
to contemplate the
possibility that what
lay behind the
geographical spread
of animals on earth
and their appearances
and disappearances
was a pattern of
change in the course
of which  species
came, went and
became transformed.
Figure 1. A marine iguana
from the Galápagos is-
lands, where Darwin found
the famous finches that
showed evidence of spe-
ciation at work. They are
unusual among lizards in
living off the sea. Darwin
called them “imps of dark-
ness”. (Credit: Wikimedia)
travellin g. H e m a in tain ed a d ia ry d u rin g th e voy ag e. It
w as p u b lish ed later as a Journal of R esearches an d b e-
cam e a b est-seller (a s d id an ab b rev ia ted p op u la r version
en titled V oyage of the B eagle); ev en th e great H u m b old t
w rote to say h ow m u ch h e h ad en joyed read in g it. T h e
d escrip tion s reta in a v iv id n ess an d ch arm to th is d ay.
A fter h is retu rn , an d in th e fa ce of con stan t ill-h ea lth ,
for th e rest of h is life D arw in w orked a t a p a ce th a t can
on ly b e called sta gg erin g. W` ork ' m ean t go in g over th e
ob serva tio n s record ed d u rin g h is trip , talk in g to th e ex -
p erts a b o u t th e sp ecim en s h e h ad co llected { b o th fossils
an d ex tan t sp ecies { , fra m in g q u estion s con stan tly, co r-
resp o n d in g w ith everyo n e w h o co u ld con ceivab ly h elp
h im w ith an sw ers an d , ab ove all, p on d erin g th e im p li-
catio n s of th e a ccu m u la ted in fo rm a tio n . A ll h is sp ecu -
la tio n s w en t in to m eticu lou sly k ep t n oteb o ok s.
D o u b ts ab ou t th e ¯ x ity of sp ecies su rfaced w h en h e
lea rn t from th e o rn ith o lo gist J oh n G o u ld th at th e ro u gh ly
sim ila r-lo o k in g ¯ n ch es h e h a d collected from th e G a l¶a -
p ag os Isla n d s b elo n ged to d istin ct sp ecies, som e of th em
restricted to certa in islan d s; a n d from th e zo olog ist R i-
ch a rd O w en th a t a S o u th A m erican fo ssil sloth an d fossil
llam a w ere crea tu res u n like an y th in g k n ow n to scien ce.
D a rw in slow ly b eg an to con tem p late th e p ossib ility th at
w h a t lay b eh in d th e geog rap h ical sp rea d of an im a ls on
earth ( d` istrib u tion in sp a ce') a n d th eir a p p eara n ces a n d
d isap p ea ran ces ( d` istrib u tion in tim e') w as a p a ttern of
ch a n ge in th e cou rse o f w h ich sp ecies cam e, w en t a n d
b ecam e tran sfo rm ed .
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The critical insight into
how evolution might
take place, into the
process of natural
selection, came later
in the same year when
Darwin read the
Reverend Thomas
Malthus’ Essay on
population.
T h e n o tion of b iolog ical ch a n ge itself w as n ot n ew . A f-
ter all, if on e sp ecies cou ld b e created , w h y n ot an en tire
su ccessio n ? E rasm u s D a rw in , n ot to sp ea k of th e m ore
fam ou s J ean -B ap tiste L am arck , h a d b een evo lu tion ists.
B u t th e id ea th a t o n e sp ecies cou ld give rise to an o th er,
th at to o a s p a rt of th e w ork in g s of n a tu re, w as rad ica l {
an d th e th o u gh t th at h u m an b ein gs m igh t b e p art of th e
sa m e p ro cess all th e m o re so . E arly in 183 8 D a rw in v is-
ited th e L o n d on zo o to v iew o n e of th eir p rize ex h ib its,
th e ora n g-u ta n J en n y. H e n oticed th a t w h en th e k eep er
refu sed h er a n ap p le, J en n y th rew a tan tru m ju st like a
h u m a n ch ild . A fter co m in g b ack h e w rote in h is n ote-
b o ok : \L et m a n v isit th e ou ra n -ou ta n g in d o m estication
::: see its in tellig en ce. M a n in h is a rroga n ce th in k s h im -
self a g reat w ork ::: M ore h u m b le a n d I b elieve tru e to
con sid er h im crea ted from a n im als". (T h e resem b la n ce
w as n ot lo st on Q u een V icto ria eith er. U p o n seein g
a later o ra n g-u tan , an oth er J en n y, sh e d escrib ed it a s
\frigh tfu l, an d p ain fu lly an d d isa greea b ly h u m an " .) A
d i® eren t n o teb o ok en try fro m th e sam e year h as b eco m e
fam ou s: \O rigin of m an n ow p roved . { M etap h y sic m u st
° ou rish . { H e w h o u n d erstan d s b ab o o n w ou ld d o m ore
tow ard s m eta p h y sics th an L o ck e" . S o m e o n e h u n d red
years p rev iou sly th e E n g lish p h iloso p h er J o h n L o cke h ad
p o sited th at h u m an s a re b orn w ith a n em p ty m in d , a
clean slate, w h o se d evelo p m en t a fter b irth d ep en d ed on
sen so ry im p ressio n s an d re° ection . D arw in w as h in tin g
th at th e m in d o f a n ew -b orn b ab y m igh t a lread y b e a
so p h isticated en tity, eq u ip p ed b y evo lu tion to an ticip ate
fea tu res of th e ex tern al w orld .
T h e critical in sig h t in to h ow ev olu tio n m igh t tak e p lace,
in to th e p ro cess of n a tu ral selection , cam e la ter in th e
sa m e yea r w h en D a rw in rea d th e R everen d T h o m a s M al-
th u s' A n E ssay on the P rinciple of P opulation . M alth u s
h ad reason ed th at u n less th ere w a s som e form o f rep ro -
d u ctiv e con trol, in th e lon g ru n fo o d su p p ly co u ld n ever
keep u p w ith h u m a n p op u lation grow th . In its ab sen ce,
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Darwin’s wife Emma
was deeply religious,
and he may have
agonised over the
pain he would cause
her by advancing a
theory which so
starkly opposed the
Biblical version of
creation.
th ere w ou ld b e in ten se com p etition fo r fo o d ; d isea se a n d
starva tio n w o u ld act a s n atu ra l ch eck s on th e p o p u la -
tio n . D arw in reason ed b y an alog y th at liv in g creatu res
of th e sa m e k in d (th e m em b ers of a sp ecies) co u ld b e
su b ject to a sim ilar p rin cip le. B ecau se m a n y m o re w ere
b o rn th an co u ld b e su p p orted b y th e en v iro n m en t, in -
d iv id u als h ad to com p ete for resou rces. If th e ab ility to
su cceed cou ld b e tran sm itted from p aren ts to o ® sp rin g,
th e o n es th a t w ere m ore su ccessfu l w ou ld g rad u a lly su p -
p lan t th e less su ccessfu l on es.
G iven th a t D arw in started to th in k ab o u t n a tu ral se-
lectio n b y 18 39 , w h y d id it ta ke h im tw en ty years to
com e ou t w ith T he O rigin of Species? A fter all, h e
h ad fo u n d th e tim e to w rite seven oth er b o o k s in th e
m ea n w h ile. A s it h ap p en s, b y 18 44 h e h ad p rep ared a
23 0-p a ge h an d w ritten s`ketch of m y sp ecies th eory '. H e
d escrib ed it in a p rivate n o te ad d ressed to h is w ife a s
a` con sid erab le step in scien ce', an d req u ested h er, i`n
case of m y su d d en d eath ', to get it p u b lish ed an d t`ake
trou b le in p ro m o tin g it'. S o th ere is n o q u estion w h a t-
so ever th at D arw in k n ew h e w as on to a b ig th in g; a n d
h e w as n o t on e to sh y aw ay from p u b lic a d m iration a n d
accla im . W e m ay n ever k n ow all th e reaso n s b eh in d th e
d elay, b u t som e gu esses ca n b e m a d e. T h e ¯ rst g u ess
in v olves D arw in 's m a rria ge in J an u ary 18 39, ¯ ve d ay s
after h e w a s elected F ellow of th e R oya l S o ciety. H is
w ife E m m a w a s d eep ly religiou s, an d h e m ay h ave ago -
n ised over th e p a in h e w ou ld cau se h er b y ad va n cin g a
th eory w h ich so sta rk ly o p p o sed th e B ib lica l version of
crea tio n . A seco n d g u ess h as to d o w ith D arw in 's feelin g
th at h e h a d n o t acq u ired th e sta tu re th at w as n eed ed if
h e w an ted to b e taken seriou sly on a s fu n d am en ta l an
issu e a s evolu tio n . F o r all h is fa m e as a n ex p lorer a n d
stu d en t of n a tu ral h isto ry, h is tech n ica l cred en tials as a
b o tan ist or zo ologist w ere w eak . H is frien d th e b o tan ist
J osep h H o o ker h a d d isp ara ged som eo n e else's w ritin g on
th e g rou n d s th a t th e au th or h ad n ot con trib u ted to th e
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The theory of
evolution by natural
selection was
presented to the world
jointly by Darwin and
Wallace at a  special
meeting of the
Linnean Society held
on 1 July 1858.
u n d erstan d in g o f a sin gle sp ecies. T h at p ro d d ed D a r-
w in to d o so m eth in g th at w ou ld g iv e h im p rofession al
clo u t. H e started w o rk in g o n b a rn acles, m arin e cru s-
tacean s w h o se cla ssi¯ catio n w a s (so th e zo ologists told
h im ) a m ess. D a rw in p lu n ged in to th e a ® air w ith ty p ical
ob sessiv en ess. O n e th in g led to a n oth er, an d th e resu lt
w as years of to il th at resu lted in th ree m assive b o ok s
b efore 1 859 .
T h e B o o k
F in a lly T he O rigin of S pecies w as p u t togeth er in h aste
an d released w ith m u ch d i± d en ce, a lm ost ap ologetica lly,
at a tim e n ot of D arw in 's ch o o sin g . It w a s a ccom p a n ied
b y th e d isclaim er th at it w as an a b stract of a m o re com -
p reh en siv e w o rk th at w as in th e m a k in g (an d n ever g ot
w ritten ). T h e sto ry is w ell k n ow n . A m u ch y ou n g er n a t-
u ralist, A lfred R u ssel W alla ce, w h o se role m o d els w ere
H u m b o ld t a n d D a rw in h im self, h ad h it u p o n th e id ea of
n atu ra l selection w h ile recoverin g from a b o u t of m alaria
on th e v olca n ic isla n d of T ern ate in eastern In d on esia
(see R esonan ce M arch 200 8). W h a t m a kes th is in d e-
p en d en t d iscovery alm o st in cred ib le is th a t for W alla ce
to o th e essen tial in sig h t cam e from th e v ery sam e b o ok
b y M a lth u s. In h is en th u sia sm h e cou ld th in k o f n o b et-
ter p erson w ith w h o m to sh are h is joy th an D arw in . H e
w rote u p h is th ou g h ts in a sh ort essay en titled O n the
T en den cy of V arieties to D epart Inde¯nitely from the
O rigin al T ype a n d m ailed it o® to D arw in fo r h is op in -
io n . R ea lisin g th a t h e h ad b een sco o p ed in a m atter
w h ere th e p riority ou g h t to h av e b een h is lo n g ag o, th e
stu n n ed D a rw in ap p ea led to h is frien d s L y ell an d H o oker
(th e lead in g B ritish g eo lo gist an d b ota n ist resp ectively )
for ad v ice. T h eir in itia tiv e, an d th e la rge-h earted n ess of
W alla ce, en su red th at a co m p rom ise w as rea ch ed th at
w as agreeab le to a ll.
T h e th eory of evo lu tion b y n a tu ral selection w as a n -
n ou n ced to th e w orld jo in tly b y D arw in (in th e fo rm of
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On the Origin of
Species by Means of
Natural Selection
finally appeared on 24
November 1859.
 Darwin took care to
affirm  that he
believed natural
selection to be the
most important, but
not the sole cause of
evolution.
ex cerp ts from th e 1 844 sketch , a lon g w ith a letter b y
h im to th e H arvard b otan ist A sa G ray ) a n d W allace (in
th e fo rm o f th e T ern ate essay ) a t a sp ecia l m eetin g of
th e L in n ea n S o ciety h eld on 1 J u ly 18 58 . In th e a b sen ce
of eith er au th o r, th e a ctu a l p resen tation w as m ad e b y
L y ell an d H o o ker. It w a s close to b ein g a ° op . T h e
P resid en t o f th e L in n ea n w as to sta te later th a t th e ac-
tiv ities o f th e S o ciety d u rin g th e year h a d lack ed a` n y
of th ose strik in g d iscoveries w h ich at on ce revolu tio n ise,
so to sp eak , th e d ep a rtm en t o f scien ce on w h ich th ey
b ear'. G oad ed in to ra p id actio n th erea fter, D arw in g ot
to w ork . O n the O rigin of Species by M eans of N atural
Selection even tu a lly ap p eared on e y ea r later.
T h e ch ief th in gs to rem em b er ab ou t th e b o ok a re th at
th e h u ge m a ss of ev id en ce in it settled on ce a n d for all
th e fact th at evo lu tion h a d tak en p lace; o n top o f th at
it o ® ered a n ovel a n d im m ed iately p lau sib le ex p la n ation
for how it h a d tak en p lace. D a rw in to o k care to a f-
¯ rm th at h e b elieved n a tu ral selection to b e th e m o st
im p ortan t, b u t n o t th e sole cau se of ev olu tio n . In m o d -
ern jargo n , h e w a s a p lu ra list { u n like W a llace, w h o
rem a in ed a p an -selection ist. H e rem a in ed o p en to th e
p o ssib ility th at a trait m igh t evo lv e b ecau se its ex p res-
sion w as co rrelated w ith an o th er trait (o n w h ich selec-
tio n a cted ). A lso, h e d id n ot ex clu d e th e w ork in g of
en tirely ch an ce factors a® ectin g a trait. N ow k n ow n a s
d rift, th is is w h at h a p p en s w h en ch an g es in a trait are
n eith er a d van tag eo u s n or d isa d van tag eou s. L astly, m ore
th an on ce h e veered tow a rd s L am arck 's w ay of th in k in g
ab ou t h ered ity. T h e gh o st o f L a m a rck h a u n ts T he O ri-
gin of S pecies. D arw in is con v in ced th a t L a m arck 's id ea s
can n o t b e righ t, esp ecially th e claim th a t ev olu tio n ary
ch a n ge can b e b ro u gh t ab ou t b y a n in n er striv in g for
self-im p rovem en t; h e say s so tim e an d ag ain . O ccasio n -
ally h e seem s h esitan t ab ou t a ccep tin g th e p o ssib ility
th at acq u ired traits can b e tran sm itted to o® sp rin g . A t
oth er tim es h e is m o re fo rth rig h t. F or ex a m p le, \I am
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B o x 2 . T h e F ir st P a r a g ra p h o f T h e O r ig in o f S p e c ie s
WHEN on board H.M.S. Beagle, as naturalist, I was much struck with certain facts in
the distribution of the inhabitants of South America, and in the geological relations of
the present to the past inhabitants of that continent. These facts seemed to me to throw
some light on the origin of species { that mystery of mysteries, as it has been called by
one of our greatest philosophers*. On my return home, it occurred to me, in 1837, that
something might perhaps be made out on this question by patiently accumulating and
re°ecting on all sorts of facts which could possibly have any bearing on it.
*John Herschel; Darwin learnt this from Captain FitzRoy.
su rp rised th at n o o n e h as a d van ced th is d em o n strative
case of n eu ter in sects, ag ain st th e w ell-k n ow n d o ctrin e
of L am arck " (th e p oin t b ein g th a t it is log ically im p os-
sib le for th e trait of n on -rep ro d u ction to b e p a ssed on ;
as th e say in g go es, celib acy is n ot h erita b le). D arw in 's
n am e w as so stro n gly asso cia ted w ith n atu ra l selection
th at it b eca m e h` is th eory '. W alla ce's self-e® a cin g n a -
tu re con trib u ted to th is; h e w en t so far as to w rite a
b o ok titled D` a rw in ism '. In sp ite of th e m islead in g im -
p lication , th e w ord con tin u es to b e u sed a s a sy n o n y m
of n atu ral selectio n .
R ig h t from th e ¯ rst p a ra gra p h o f th e In tro d u ction , th e
d irectn ess an d u n d erstated sty le of T he O rigin h its th e
eye (see B ox 2). O f th e rem a in in g 14 ch a p ters, th e ¯ rst
tw o d eal w ith variatio n u n d er d om estication an d vari-
ation in n atu re, a n d th e th ird w ith th e s`tru gg le for
ex isten ce' (th e in sigh t from M alth u s). T h en , in alm o st
d ed u ctive fa sh ion , th e fou rth ch ap ter sp ells o u t th e p rin -
cip le of n atu ra l selection . T h e rest o f th e b o ok is ta ken
u p w ith ju stify in g th e assu m p tion s m ad e ea rlier, ta ck -
lin g p oten tia lly trou b lesom e issu es an d p rov id in g su p -
p o rtin g ev id en ce. A ¯ n al ch a p ter, en titled R ecapitula-
tion an d C on clusion , su m m arises th e th esis { w h ich , in
sh o rt, is th at a ll life form s h av e b een sh a p ed b y d escen t
w ith m o d i¯ cation fro m earlier, few er a n d sim p ler fo rm s,
la rgely b y a p ro cess k n ow n a s n a tu ral selection .
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Figure 2. The only figure in
The Origin, a tree diagram
used by Darwin to illustrate
speciation.  It is to be viewed
from the bottom up, with
each horizontal line repre-
senting 1000 generations.
“A”, “B”, etc., are different
species at the start.  Some
lineages that begin from A
(for example) go extinct.
Others diverge so much as
a result of natural selection
that eventually they are
classified as distinct spe-
cies.
Along the way Darwin
tackled a number of
issues that have since
grown into major
areas of research on
their own.
D a rw in 's ow n d escrip tio n of th e b o o k w a s o` n e lo n g
arg u m en t'. T h e a rgu m en t w as u n d erp in n ed b y a les-
so n th at h e h ad tak en to h ea rt from L yell's P rinciples
of G eology : u n b elievab ly slow p ro cesses th a t act over
lo n g ep o ch s ca n lea d to d ram atic ch a n ges. T h e tru th of
L y ell's lesso n in tu rn d ep en d ed o n a n a ssu m p tion (a lso
m ad e u se o f in co sm olo gy ) k n ow n as U n iform itarian ism .
It sta tes th at th e n a tu ral p ro cesses th a t a re ob serva b le
at w o rk to d ay are th e sa m e a s th o se th a t w ere a t w ork in
th e p a st, an d its a p p lication to geology h as b een tra ced
b ack all th e w ay to th e P ersian p h ilosop h er Ib n S in a.
T h e ap p ro ach w a s to lan d D a rw in in trou b le w ith th e
fam ou s p h y sicist W illiam T h o m so n (L ord K elv in ). D a r-
w in h ad u sed th e rate at w h ich sed im en ts w ere d ep osited
to estim a te th a t som e form ation s cou ld b e m an y h u n -
d red m illion years old . T h om so n refu ted it b y say in g
th at th is w as im p ossib le: if th e earth w as th a t o ld , its
ro ck s w ou ld h av e co oled d ow n m u ch m ore th an th ey h ad .
T h o m so n w as w ro n g, of cou rse, b ecau se h e h ad n o id ea
of th e ex isten ce o f rad ioa ctiv ity an d its co n trib u tion to
m ain ta in in g th e tem p eratu re o f th e ea rth .
A lon g th e w ay D arw in tack led a n u m b er o f issu es th at
h ave sin ce grow n in to m a jor a rea s o f resea rch on th eir
ow n . O n e w as sex u al selection : w h y a re th e m ales a n d
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fem a les o f th e sam e sp ecies often so d i® eren t in resp ect
of traits th a t ap p ear to h av e n oth in g to d o w ith rep ro -
d u ctio n ? A seco n d w as so cial b eh av iou r: h ow cou ld al-
tru istic traits, w h ich b y d e¯ n ition b en e¯ t so m eon e else,
n ot th e altru ist, evolve? A th ird w as com p lex ity : h ow
cou ld a stru ctu re su ch a s th e h u m a n eye evolve v ia in -
d ep en d en t m o d i¯ cation s o f m in or e® ect if, for its p rop er
fu n ctio n in g , a larg e n u m b er o f com p on en ts h ad to com -
p lem en t ea ch oth er p recisely ? Y et a n oth er w a s in stin ct:
cou ld m en tal tra its a lso b e th e resu lt o f evo lu tion a n d if
so h ow ? O n all th ese m atters D arw in an ticip ated m a n y
id ea s th a t w e ten d to th in k of as m o d ern .
C o n sid er th e issu e of h ow a tra it w h ich b en e¯ ts so m eon e
oth er th an th e in d iv id u al in w h om it is p erceiv ed , a n d in
fact is d etrim en tal to th e in d iv id u al in w h om it is p er-
ceived , cou ld n everth eless sp rea d b y n atu ra l selection .
H e fra m es it th u s: \ T h is d i± cu lty, th o u gh ap p ea rin g in -
su p era b le, is lessen ed , o r, a s I b elieve, d isap p ea rs, w h en
it is rem em b ered th a t selection m ay b e ap p lied to th e
fam ily, as w ell as to th e in d iv id u al, an d m ay th u s gain
th e d esired en d ::: T h u s, a w ell-° av ou red v eg eta b le is
co o ked , a n d th e in d iv id u al is d estroy ed ; b u t th e h orti-
cu ltu rist sow s seed s of th e sa m e sto ck , an d con ¯ d en tly
ex p ects to g et n early th e sa m e va riety ::: ". L a ter ch a p -
ters h igh ligh t th e im p ortan ce o f m orp h olo gy an d em b ry -
olog y fo r h is th eo ry. D a rw in asserted th at related n ess
b y co m m on d escen t (h o m o log y ), n ot sim ilarity o f fu n c-
tio n (an alog y ), w as th e rig h t w ay to grou p liv in g form s
(an essen tial p req u isite fo r m a k in g sen se of th e liv in g
w orld ). B y d o in g so, h e p rov id ed th e ¯ rst ration a l b asis
for cla ssi¯ ca tio n . H e m ad e th e p ercep tiv e o b servation
(m ad e m u ch ea rlier b y W illiam J o n es in th e con tex t of
tracin g lin gu istic a± n ities) th at th e sig n i¯ can t traits for
in ferrin g related n ess b y d escen t are p recisely th o se th at
seem to b e of little u se to th eir b earers. T h e b o ok en d s
w ith a p o etically w ord ed su m m a ry (see B ox 3 ).
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B o x 3 . T h e F in a l P a r a g r a p h
It is interesting to contemplate an entangled bank, clothed with many plants of many
kinds, with birds singing on the bushes, with various insects °itting about, and with
worms crawling through the damp earth, and to re°ect that these elaborately constructed
forms, so di®erent from each other, and dependent on each other in so complex a manner,
have all been produced by laws acting around us. There is grandeur in this view of life,
with its several powers, having been originally breathed into a few forms or into one; and
that, whilst this planet has gone cycling on according to the ¯xed law of gravity, from
so simple a beginning endless forms most beautiful and most wonderful have been, and
are being, evolved.
N a tu ra l S e le c tio n
In fo rm u latin g th e th eo ry o f n atu ral selectio n D arw in
w as gu id ed stron gly b y w h at h e h a d lea rn t ab ou t th e
m ou ld in g o f p lan t an d an im al traits to d esired en d s b y
m ea n s of selective b reed in g. T h e very ¯ rst ch ap ter of
T he O rigin refers to th e ex ten siv e u se of arti¯ cia l se-
lectio n m ad e b y th e E m p eror A k b a r for in d u lg in g h is
p assio n for fa n cy p igeon s (Ishqbaazi). P lan t an d a n im al
b reed ers h a d p u t th eir k n ow led ge o f h ered ity to en o r-
m ou s p ractical b en e¯ t ev er sin ce th e d aw n o f a gricu l-
tu re if n o t earlier. O ften th ey su cceed ed in rein forcin g
ch a n ges in tra its th at in terested th em , step b y sm all step
an d ov er m an y g en eration s. A s D arw in p u t it, \T h e k ey
is m an 's p ow er o f accu m u lative selectio n : n a tu re gives
su ccessiv e va ria tio n s; m an a d d s th em u p in certain d i-
rection s u sefu l to h im ". It w as ob v io u s th at arti¯ cial
selectio n w ork ed ; D a rw in an d W alla ce m a d e it p la u sib le
th at n atu ral selection w o rked in a sim ilar w ay.
T h e p rin cip le of n atu ra l selectio n co n sists of th ree as-
su m p tio n s an d an im p lication . T h e a ssu m p tio n s are
th ese: m em b ers of a sp ecies va ry in resp ect o f certain
traits; th e traits ca n b e p a ssed d ow n from p aren ts to
o® sp rin g; an d som e variation s ca n m ak e th eir p o ssesso rs
m ore su ccessfu l in liv in g a n d rep ro d u cin g th an oth ers.
In sh o rt, in d iv id u als a re assu m ed to ex h ib it va riation ,
h erita b ility an d d i® eren tia l ¯ tn ess (it is im p licit th at
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The philosopher
Herbert Spencer
coined the phrase
“survival of the
fittest” to describe
natural selection.
The phrase
“survival of the fittest”
conflates the outcome
of natural selection
with its causes and
risks making the entire
theory sound like a
tautology, which it is
not.
th ey are ca p ab le of rep ro d u cin g). If th e assu m p tio n s
are tru e, a lo gica l im p lication fo llow s: th e co m p osition
of a p o p u la tio n ch an g es ov er th e cou rse of gen eration s,
th at is, th e p o p u la tio n evolves, w ith th e relatively m ore
su ccessfu l ty p es b ecom in g m o re com m o n . T h e p h iloso -
p h er H erb ert S p en cer coin ed th e p h ra se \su rv ival of th e
¯ ttest" to d escrib e n atu ral selection . D a rw in w as su f-
¯ cien tly ta ken u p w ith th e d escrip tio n to u se it in th e
la ter ed itio n s of T he O rigin . F ew th in g s h ave ca u sed
m ore con fu sio n . T h e p h rase con ° a tes th e ou tco m e of
n atu ra l selectio n w ith its ca u ses an d risk s m a k in g th e
en tire th eory so u n d like a tau to lo gy, w h ich it is n ot. T h e
assu m p tio n s listed earlier a m o u n t to testa b le, an d th ere-
fore falsi¯ ab le, assertion s con cern in g liv in g creatu res. It
is on ly if th e assu m p tion s are tru e th a t th e im p lication
is valid .
E vo lu tion b y n a tu ral selection in volves a co n tin u al test-
in g o f traits w ith rega rd to h ow w ell th ey eq u ip a p la n t or
an im al to p erform rela tive to o th ers of its k in d a n d u n d er
sp eci¯ ed con d itio n s. T h erefo re it b rin gs in to p lay co n -
sid era tio n s of en g in eerin g d esign , of e± cien cy, o f w h at
on e m igh t ca ll e`co n om ic' criteria { w ith th e n u m b er of
su rv iv in g o ® sp rin g a s th e cu rren cy in w h ich ev olu tio n -
ary su ccess is m easu red . C orn ish -B ow d en h as referred
to th is a sp ect of n a tu ral selection as th e p u rsu it o f p er-
fection . A n o ld er an d m o re com m o n w o rd , a d ap tation ,
d escrib es th e en d resu lt. E v olu tio n b y n atu ral selection
is a n ad a p tiv e p ro cess. S een th e oth er w ay ro u n d , ad a p -
tation is th e sign atu re of n a tu ral selectio n . T o th e ex -
ten t th at liv in g crea tu res ex h ib it ad ap tation s, on e m ay
in fer th a t n atu ra l selection h a s b een o p eratin g. A t a n y
rate, n o on e h as com e u p w ith a b etter cau sal ex p la -
n ation for ad a p tation s. T o su g gest th at th ey ca n co m e
ab ou t b y i`n telligen t d esign ', as som e h av e d o n e of la te,
is ab su rd in th e ex trem e. C ru cia lly, n atu ral selection
w ork s from on e gen eration to th e n ex t: it d ea ls w ith th e
sh o rt term . W h en on e lo o k s b ack ov er a great m a n y
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natural selection is
an adaptive
process. Seen the
other way  round,
adaptation is the
signature of natural
selection.
Evolution is
opportunistic,
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that rewards
successes.
gen eration s, su ccessiv e ad a p tation s a re seen to h ave ac-
cu m u lated an d given rise to a m a jo r tran sfo rm a tio n , to
w h a t lo ok s like a p ro d u ct of d esign . B u t th e d esign is
u n in ten d ed , w ith ou t p u rp o se. T h ere is n o w ay in w h ich
evolu tion can p lan fo r th e fu tu re; it h as n o lon g-term
go al. E v olu tio n ca n n ot ex h ib it fo resig h t. It can b e com -
p ared to a g am e of ch an ce th a t rew a rd s su ccesses { if
th ey h a p p en . T h is is w h y it is said th at evo lu tion is
op p ortu n istic. O p p o rtu n ism im p lies th at it is n ot easy
to tra ce th e a ctu al p ath ta ken b y an ev olu tio n ary tran s-
form ation .
A d ap tation is to a set of circu m sta n ces { th e e`n v iro n -
m en t' { th a t com p rises th e p h y sical en v iro n m en t a n d
th e b iotic en v iron m en t. B` iotic' in clu d es o th er m em -
b ers of th e sam e sp ecies a s w ell as o th er sp ecies. P rey,
p red ators, p a rasites an d in fectiou s a gen ts fa ll in to th e
la tter catego ry. S in ce th e oth er sp ecies are a lso su b ject
to selective p ressu res, it is o b v iou s th at th e evo lu tion of
a sp ecies can n o t b e v iew ed in isolation . T h e a d ap tive
ou tcom e th a t it a ttain s m u st ta ke in to a cco u n t all oth er
ad a p tation s sim u ltan eou sly. A n a d ap tive resp on se to
th e en v iron m en t b y o n e sp ecies ch a n ges th e b iotic en v i-
ron m en t o f an o th er sp ecies. O r, as freq u en tly h a p p en s,
th e p h y sical en v iro n m en t m ay ch a n ge. W h a t all th is
m ea n s is th at ev olu tio n is a co n tin u ou s p ro cess; it d o es
n ot co m e to an en d . A s th e p alaeon tolog ist V a n V a len
p o in ts ou t, th is im p lies th a t as a sp ecies evo lv es, it d o es
n ot im p rov e itself in a n y ab so lu te sen se. If it d o es n ot
go ex tin ct (w h ich h as b een th e fate of th e va st m a jo r-
ity of all sp ecies { yet an o th er p iece of ev id en ce ag ain st
b etterm en t), th e b est it ca n d o is to keep u p w ith a ll th e
oth er sp ecies. H e su m s u p th e situ a tion in th e w ord s of
th e R ed Q u een : \It ta kes all th e ru n n in g y ou ca n d o, to
keep in th e sa m e p lace" (L ew is C arro ll, in T hrough the
L ooking G lass).
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Evolution is a
continuous
process; it does
not come to an
end.
V a ria tio n a n d H e re d ity
C o n sid erin g th a t va ria tio n an d h ered ity a re tw o of th e
essen tial p re-req u isites for n a tu ral selectio n , it seem s re-
m arkab le th a t D a rw in g ot a s far a s h e d id w h ile b ein g
(alon g w ith everyo n e else at th e tim e) ign o ran t ab ou t
th e w ork in g s o f b o th . T o d ay w e k n ow th at fo r all p rac-
tical p u rp oses variatio n s o ccu r a` t ran d o m '. T h at is, th e
likelih o o d of o ccu rren ce o f a va ria tio n is in d ep en d en t of
its ou tcom e. D arw in to ok varia tio n as a fa ct, a s som e-
th in g th a t w as th ere. A s to p ostu latin g m ech a n ism s,
h e h azard ed th e gu ess th at E` ® ects o f U se a n d D isu se',
A` cclim atisa tio n ' an d C` orrelation of G row th ' m igh t b e
in v olved . A p art from th e last factor, th is ag ain m ean t a
tilt in th e d irection of L am arck ian id eas. B ein g u n a b le
to co m e u p w ith go o d a ltern atives, h e cou ld n o t sh ake
o® L am arck en tirely. B u t h e su m m ed u p th e p reva il-
in g state o f k n ow led ge fairly b y con fessin g th at \O u r
ig n ora n ce o f th e law s o f variation is p ro fou n d " .
R eg ard in g th e m ech a n ism of h ered ity to o, D arw in w a s
en tirely in th e d ark . Y ears later h e cam e u p w ith a
b len d in g th eo ry o f in h erita n ce called P an gen esis; it w a s
seen to b e u n sa tisfa cto ry righ t fro m th e sta rt (see B ox
4), H e d id n o t k n ow th a t th e ¯ rst step s in so lv in g th e
rid d le of h ered ity w ere b ein g taken b y h is co n tem p o -
rary J o h an n M en d el. T h ere is every rea son to b elieve
th at D a rw in sh o u ld h av e lea rn t of M en d el's d iscovery,
w h ich w as p u b lish ed in 186 6, in tim e for th e later ed i-
tio n s o f T he O rigin ; b u t h e d id n ot. Iro n ically, D a r-
w in 's ow n ex p erim en ts on crossin g d i® eren t varieties of
th e sn a p d rag on (A n tirrhinum ) g ave clear ev id en ce of
th e M` en d elia n ' 3 :1 ratio, an d th erefore of th e atom istic
n atu re of h ered ita ry fa cto rs. U n fo rtu n ately h e d id n ot
u n d erstan d th e im p lication s of w h at h e h a d fo u n d . U n -
like M en d el, D arw in lacked a h y p oth esis, a v iew p oin t,
w h ich w ou ld m a ke h im recogn ise an d th en a n aly se th e
sign i¯ ca n ce of a 3 :1 ratio. T h e p ro cess b y w h ich th e
law s o f M en d elian h ered ity fo u n d th eir righ tfu l p la ce in
Regarding the
mechanism of
heredity too,
Darwin was
entirely in the dark.
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B o x 4 . P a n g e n e sis
Darwin's theory of heredity was published in T he V a ria tio n o f A n im a ls a n d P la n ts U n d er
D o m estica tio n (1868) . He developed it in order to explain how traits that had been
modi¯ed by selection could be passed on to o®spring. The idea was based on `gemmules',
which were supposed to be carriers of hereditary traits distributed all over the body,
each gemmule being speci¯c to the part to which it belonged and modi¯able by the
use made of that part during an individual's pre-reproductive life. They were brought
together in preparation for transmission to the next generation. Critically, in the next
generation the gemmules of the parents were assumed to mix, to blend as colours might.
In his own words: \It is universally admitted that the cells or units of the body increase
by self-devision, or proliferation, retaining the same nature, and that they ultimately
become converted into the various tissues and substances of the body. But besides this
means of increase I assume that the units throw o® minute granules which are dispersed
throughout the whole system; that these, when supplied with proper nutriment, multiply
by self-division, and are ultimately developed into units like those from which they were
originally derived. These granules may be called gemmules. They are collected from
all parts of the system to constitute the sexual elements, and their development in the
next generation forms the new being; but they are likewise capable of transmission in a
dormant state to future generations and may then be developed." Gemmules would have
been a way for transmitting traits that were acquired during life, and their existence
would have pleased Lamarck. Fleeming Jenkin, professor of Engineering in Edinburgh,
shot down the proposal's utility by pointing out that the variation in each generation
would be halved by blending { in which case, over time, what would remain for natural
selection act on? Darwin's cousin Francis Galton thought he had disproved pangenesis
when he transfused blood between di®erent breeds of rabbits and found that the recipients
bred true to their original types.
evolu tion ary b io lo gy w a s fa r fro m sm o o th (see b elow ).
D esp ite h is lack of ¯ rm n ess on th e m atter, th e su gg es-
tio n s th a t (a) variatio n a n d h ered ity m igh t w ork in d e-
p en d en tly an d (b ) th e p a ce of evolu tion w as d riven b y
selectio n , n ot variation , a re im p orta n t con trib u tio n s of
D a rw in to evo lu tion a ry th eo ry { p erh a p s n ex t on ly to
n atu ra l selectio n itself. It is th e lack of cou p lin g b e-
tw een variation an d h ered ity w h ich ex p lain s h ow seem -
in gly p u rp o sefu l en tities can ev olve in th e a b sen ce of
d esig n . F u rth er, it en d ow s th e p rin cip le of n atu ral se-
lectio n w ith alm ost lim itless p ow er w h en it com es to
con stru ctin g com p lex ity. M a th em atician s an d p h y sicists
h ave b orrow ed th e strategy to search for q u ick a n d
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for a robust theory
or set of ‘laws’ to
thrive in the
absence of a
known mechanism
that can justify
them.
accep ta b le so lu tion s to seem in gly in tractab le p rob lem s.
N o w on d er th e p h ilosop h er D a n iel D en n ett calls n atu ral
selectio n \D arw in 's D a n gerou s Id ea" .
T h e essen ce of th e id ea is th at variation tak es p la ce
at o n e lev el an d th e co n seq u en ce of th e variatio n is
tested at an oth er lev el. A u gu st W eism a n n ¯ rst em -
p h asised its cen tra lity to ev olu tio n w h en h e h igh lig h ted
th e d istin ctio n b etw een rep ro d u ctiv e tissu e (th e g erm
lin e) an d th e rest o f th e b o d y (th e som a). T h e g erm
lin e is fu n ctio n ally seq u estered an d tra n sm its h ered i-
tary tra its w h ereas th e so m a , w h ich is ex p osed to th e
en v iron m en t, ex p resses th ose tra its. H ow ev er, th e d is-
tin ction b etw een germ lin e an d so m a is ob v io u s on ly in
m u lticellu la r an im a ls. It is m u rk y in th e case of p lan ts
an d n on -ex isten t w h en it com es to u n icellu lar life. W h at
actu ally lies b eh in d W eism a n n 's d istin ction , an d th e rea -
so n w h y L am arck ian in h erita n ce d o es n ot w o rk , b eca m e
clear o n ly in th e m id -20 th cen tu ry. It n eed ed a recog -
n ition o f th e essen tial d i® eren ce b etw een gen es an d p ro -
tein s. G en es con tain sy m b olic in form ation for m ak in g
p rotein s an d varian t gen es lead to varian t p rotein s. B u t
it can n o t w o rk in rev erse. A s fa r a s w e k n ow a varian t
p rotein ca n n ot alter th e in form ation con ten t of th e g en e
th at en co d es it.
Ig n ora n ce of h ow h ered ity or variation w ork ed w ere cer-
tain ly h a n d icap s. D esp ite th o se h an d icap s, D a rw in a n d
W alla ce m a n ag ed to d evelo p th e h y p oth esis of n atu ral
selectio n an d ex p lo re m an y of its ram i¯ ca tion s. It is n ot
u n k n ow n for a ro b u st th eo ry or set o f l`aw s' to th rive
in th e a b sen ce of a k n ow n m ech a n ism th at can ju stify
th em . N ew ton 's th eo ry o f g rav itation a l attra ction is
on e ex am p le, a n d M en d elian gen etics is an oth er. G e-
n etics ° o u rish ed for h a lf a cen tu ry a n d , b y b u ild in g on
M en d el's law s, g en eticists b u ilt u p an im p ressiv e form al
stru ctu re o f th eoretica l gen etics b efore th ey k n ew w h at
a gen e w as.
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Life was a property
of any entity that
could evolve by
natural selection.
For the scientific
community, a big
lesson to draw from
The Origin was that
the living world could
be explained on the
basis of natural
laws.
W h a t d id th e O rig in o f S p ec ie s A c h ie v e ?
O n th e lay p u b lic, th e b ig gest im p a ct o f th e b o ok w as th e
im p lication th at h u m an b ein gs d id n ot o ccu p y a sp ecial
p lace in th e u n iverse. T h e last ch a p ter of T he O rigin
tan talisin g ly h eld ou t th e p rom ise th a t \In th e d istan t
fu tu re ::: ligh t w ill b e th row n on th e orig in o f m an a n d
h is h istory ", b u t th e b o o k m a d e it am p ly clea r th a t h u -
m an s w ere on a p a r w ith all o th er crea tu res in th e liv in g
w orld . In term s of th e fa m iliar tree of life, evolu tion b y
n atu ra l selection im p lied th at h u m an s w ere a t th e en d
of on e b ra n ch , d o gs of an oth er, ta p ew orm s o f a th ird ,
m an go es o f a fo u rth , a n d so on . In an o b jectiv e sen se,
n on e of th em cou ld b e sa id to b e m o re ad va n ced th an or
su p erior to an o th er. F o r th e scien ti¯ c co m m u n ity, a b ig
lesson of T he O rigin w as th a t th e liv in g w orld cou ld b e
ex p lain ed on th e b asis of n a tu ral law s. T h e p ersu asive
cla im th a t on e sp ecies co u ld give rise to an oth er len t
ad d ition al su p p o rt to th e lesson . E vo lu tion in th e sen se
of a tran sfo rm a tio n of fo rm s an d p ro p erties is in h eren t
to ch em istry (if n o t to p h y sics, w ith cosm o lo gy b ein g a
p rom in en t ex cep tion ). B y m ak in g it p lau sib le th at b io -
lo gica l evo lu tion cou ld o ccu r n a tu rally, D a rw in a n d W al-
la ce sh ow ed th at b iolo gica l ch an ge w as a t least form ally
an a lo gou s to ch em ical ch a n ge. T h eirs w as th e ¯ rst step
in th e still-o n go in g in tegration o f th e n a tu ral scien ces.
T h ey m ad e it m ean in gfu l for u s to th in k o f b io lo gy a s
w e d o to d ay, as th e scien ce o f liv in g m a tter. T ru e, th e
p rob lem of th e o rig in of life w as left u n ad d ressed . B u t
T he O rigin of Species m ad e p eo p le th in k of it as an a p -
p roa ch a b le p rob lem , as som eth in g th at cou ld b e ta ck led
w ith th e m eth o d s of co n v en tion a l scien ce. S om e p eo p le
cla im th a t th e ag e-old issu e o f h ow to d istin gu ish b e-
tw een liv in g an d n on -liv in g h as n ow b een settled : a n y
en tity th a t can evo lv e b y n atu ra l selectio n ca n b e said
to b e aliv e.
In terestin g ly, w h ile p u sh in g b iolog y clo ser to p h y sics a n d
ch em istry, n a tu ral selection also form alised th e sp ecial
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essential role in
evolution, both
during mutation
and recombination.
statu s of b io log y w ith in th e n atu ral scien ces. It sh ow ed
th at ev en th ou g h liv in g sy stem s m u st o p erate en tirely
accord in g to th e ru les of p h y sics an d ch em istry, th e
traits th at th ey ex h ib it are n ot n ecessary ou tcom es of
th e ru les. T h e reaso n is th at ch an ce in terv en es b etw een
th e law s of p h y sics an d th e p ro d u cts o f b io lo gica l evo -
lu tion . H erita b le ch an g es o ccu r in u n p red icta b le w ay s,
an d th e lik elih o o d th at a p articu lar ch a n ge o ccu rs h a s
n oth in g to d o w ith w h eth er it is ad va n ta geou s or d is-
ad va n tageou s. T h is realisation is a t ro ot o f ou r u n d er-
stan d in g o f n a tu ral selectio n . C h a n ce p lay s an essen tial
role in evo lu tion , b o th d u rin g m u ta tio n a n d recom b in a -
tio n (th e sh u ² in g of gen es). N atu ral selection sh ow ed
h ow b io lo gy is d i® eren t from p h y sics in an o th er resp ect.
In p h y sics, as often as n ot th e ob ject of stu d y is th e
i`so la ted sy stem ', fo r ex am p le th e sin g le h y d rog en ato m .
T h e u n d erly in g assu m p tio n is th at all h y d rog en a tom s
are id en tical; a n d th e essen ce of an ato m ca n b e stu d ied
in iso lation . T h is ap p ro ach d o es n o t w o rk in b io lo gy b e-
cau se th e p rop er u n d erstan d in g of a n in d iv id u a l p la n t or
an im al req u ires ta k in g in to accou n t its ex isten ce w ith in
th e con tex t of th e rest of th e p o p u latio n , th at to o a
p o p u la tio n w h o se m em b ers d i® er sign i¯ can tly.
T h e th ird w ay in w h ich n a tu ral selectio n sh ow ed h ow
b iolo gy d i® ers from p h y sics an d ch em istry is th at it fo -
cu ssed on th e fu n d a m en tal im p orta n ce of th e p a st for
u n d erstan d in g th e p resen t. It m ad e u s realise th at b e-
sid es p rox im al ex p la n ation s fo r th e ex isten ce of a trait
(i.e., th e u su a l ca u sal ex p la n ation s b ased on p h y sics a n d
ch em istry ), b io log y p erm its u s to assign u` ltim ate' ex -
p lan ation s. T h e d istin ctio n w a s k n ow n to A ristotle. H e
sa id th a t th e ex isten ce o f a h ou se can b e ex p lain ed in
tw o w ay s. O n e can say th at th e h o u se is th ere b ecau se
b rick s, m o rtar an d so o n w ere p u t tog eth er. H ow ev er,
on e can a lso say th a t th e h ou se is th ere b eca u se som e-
on e w an ted to live in it. T h e secon d so rt o f ex p lan ation ,
w h ich in vok es th e co n seq u en ce of th a t w h ich is so u gh t
to b e ex p lain ed , is cen tra l to a n y argu m en t b ased on
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enables us to account
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saying that its
possession enabled
our ancestors to be
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survival and
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others who did not
possess it.
n atu ra l selectio n . F or ex a m p le, su p p ose w e w an t to ex -
p lain th e ex isten ce of co lo u r v ision . W e can say th at
w e see colou rs because w e p ossess th e ap p rop riate con e
cells in th e eye. O n th e o th er h a n d w e ca n eq u a lly le-
gitim ately say th at w e see colou rs because th ose o f ou r
an cestors in w h o m th e co n e cell p igm en t va ria n t ¯ rst
aro se h a d a n a d van tag e over th o se w h o h ad on ly ro d -
b ased b lack -an d -w h ite v ision . N a tu ral selection en ab les
u s to acco u n t for th e p resen ce of a tra it in ou rselves b y
say in g th at its p ossessio n en ab led o u r an cestors to b e
m ore su ccessfu l at su rv ival an d rep ro d u ctio n th an o th -
ers w h o d id n ot p ossess it, o r p ossessed it in a d i® eren t
d egree. T h u s n atu ral selectio n accou n ts fo r th e asp ect
of p u rp o se th at is ch a racteristic of all life fo rm s. B u t it
d o es so b y in vo k in g h isto rical con tin gen cy, n ot d esig n .
N a tu ra l S e le c tio n a fte r D a rw in
A fter a n in itia l ° u sh of en th u sia sm th e a p p eal o f n a t-
u ral selection d eclin ed . A t on e tim e m an y h ad given
u p o n it a s a p la u sib le m ech an ism for ex p la in in g evo -
lu tion . D i± cu lt as it is to b elieve, th e red iscovery of
M en d el's law s in 19 00 w as resp o n sib le fo r th is. T h e im -
p ression ga in ed gro u n d th at d i® eren ces in th e M en d elian
carriers of h ered ity w ere asso ciated w ith d iscrete, q u al-
ita tiv e ch an g es (fo r ex am p le, in M en d el's ow n ex p eri-
m en ts, th e y ellow versu s green colou rs an d rou n d ver-
su s w rin k led sh ap es o f p ea s). H ow th en cou ld th ey ex -
p lain th e slow , q u asi-con tin u o u s p ro cess o f ev olu tio n ary
ch a n ge th a t n a tu ral selection d em an d ed ? D` arw in ists',
w h o w ere con v in ced of th e tru th o f n a tu ral selection ,
cam e to th e con clu sio n th at M en d el's law s w ere in cid en -
tal to its u n d ersta n d in g . M` en d elia n s' d rew th e o p p o -
site in feren ce. T h ey th ou gh t th at n a tu ral selection w a s
all very w ell for ex p lain in g grad u a l, q u an tita tiv e tran s-
form ation s. B u t th e rea l stu ® of evo lu tion h a d to b e
so m eth in g else, n am ely m u ta tion s th at ch a n ged traits
in a m a jor w ay. T h e b irth o f a gen etical th eory of n a t-
u ral selection h ad to aw ait th ree d evelo p m en ts. T h e ¯ rst
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The tempo of
molecular evolution
appears to depend
more on the rate of
mutation than on
natural selection.
A combination of
laboratory and field
work in palaeontology,
natural history and
genetics made natural
selection respectable
once again and gave
rise to the
construction of what
we now call the
modern or neo-
Darwinian synthesis.
w as a d eep er u n d ersta n d in g of g en etics p rov id ed b y th e
ex p erim en tal w ork of T H M org an a n d h is sch o o l (iron i-
cally, for a lon g tim e M o rga n h im self rem a in ed scep tical
ab ou t th e u sefu ln ess o f n atu ra l selection fo r ex p lain in g
evolu tion ary ch an ge). T h e secon d w as th e d evelo p m en t
of a m ath em atica l trea tm en t of th e sp rea d o f g en es in
p o p u la tio n s in itiated b y J B S H ald an e, R A F ish er,
S W rig h t an d S S C h etverik ov . F in a lly, a co m b in ation
of la b ora tory a n d ¯ eld w ork in p alaeon tolog y, n atu ral
h istory a n d g en etics m ad e n a tu ral selection resp ecta b le
on ce ag ain an d gav e rise to th e co n stru ctio n of w h at w e
n ow call th e m o d ern or n eo-D arw in ian sy n th esis. B e-
fore th at h a p p en ed , th in g s h ad rea ch ed su ch a p ass th at
H a ld a n e u sed th e ep igrap h \ D a rw in ism is d ea d { A n y
serm o n " to lam p o on th e situ a tio n in th e v ery ¯ rst ch a p -
ter of h is b o ok T he C auses of E volution .
T h e on e m a jor m o d i¯ ca tion to th e D a rw in ian p ictu re of
evolu tion ca m e fro m d iscoveries m a d e in m o lecu la r b i-
olog y fro m th e 196 0s on w ard s. T o everyo n e's su rp rise,
it tu rn ed ou t th a t at th e m olecu lar level, m ost ch a n ges
in th e h ered ita ry m ateria l (as in ferred from D N A a n d
p rotein seq u en ces) w ere a lm ost n` eu tral' { n eith er a d -
van tag eo u s n or d isad van tageou s. O f all th e ch a n ges
th at o ccu r in D N A , o n ly a tin y fraction seem s to b e
sign i¯ ca n t for evo lu tion a t th e level of th e org an ism .
A s a resu lt, th e tem p o o f m o lecu la r ev olu tio n ap p ea rs
to d ep en d m o re o n th e rate o f m u tation th an on n a t-
u ral selection . M o lecu lar b iolog y h a s kep t th row in g u p
oth er su rp rises w ith rega rd to th e d eta ils o f th e p ro cesses
th rou g h w h ich g en etic in form atio n g ets d eco d ed , a n d w e
d o n o t yet k n ow h ow to ¯ t th em in to a co h eren t ev olu -
tio n ary p ictu re. A t a m ore b asic level, w e are still to
assim ilate th e im p lication of th e ex tra ord in ary d istin c-
tio n th at ex ists w ith in liv in g creatu res b etw een q u asi-
sy m b olic in form ation a l en tities (D N A , R N A ) a n d th eir
m ea n in g (p rotein s), o r in d eed w h y evolu tio n h as m ad e
th e d istin ction .
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Recent work in
palaeontology has
underscored the
importance of not
rushing to final
judgement: dramatic
findings have
revealed long-sought
transitional forms, for
example in the
evolution of
tetrapods.
We still lack a
satisfactory
genetical theory of
speciation or of the
origin of the major
groups.
E v o lu tio n a ry T h e o ry 1 5 0 Y e a rs a fte rT h e O rig in
B y n o m ea n s d id th e a ccep tan ce of n a tu ral selectio n set-
tle all issu es. A n u m b er of th em con tin u e to b e v igo r-
ou sly d eb ated ; o n ly a few can b e m en tion ed h ere. T h e
d eb ates a re of a cu rio u s sort, b ecau se w ith th e ex cep -
tio n of th ose cases in w h ich p h y sical catastro p h es h ave
p layed a role h a rd ly a n yon e q u estion s w h eth er n atu ral
selectio n can accou n t fo r th e origin o r m ain ten a n ce of a
trait. R a th er, th e issu e is w h eth er th ere m ig h t b e an al-
tern ative w ay o f a cco u n tin g for th e tra it, o n e th a t d o es
n ot in v oke selection ex p licitly. F or ex am p le, it m ay b e
th at th e tra it follow s au tom atically fro m th e p rin cip les
of p h y sics a n d ch em istry. T h u s th e p ossib ility o f n atu ral
selectio n b ein g resp o n sib le for a trait is n ot q u estio n ed ;
th e p la u sib ility o f its h av in g d o n e so is. T h e sp littin g of
lin eag es in to d i® eren t sp ecies an d th e a p p eara n ce o f m a -
jor n ov elties (e.g., n u cleated cells, m u lticellu larity, a n d
th e verteb rate lim b ) are oth er ex a m p les. A re th ese b et-
ter ex p la in ed b y som eth in g o th er th a n n atu ra l selectio n ?
O n e reason for a sk in g is th at w e still lack a satisfac-
tory gen etical th eo ry of sp eciation or of th e orig in o f th e
m a jor g rou p s. M ath em atica l gen etics ca n d eal w ith ge-
n etic d i® eren ces th at are correlated w ith d i® eren ces in
q u an tita tiv e tra its, b u t is u n ab le to b rid ge th e gap b e-
tw een sp ecies. A n oth er d eb ated issu e is th e su d d en n ess
(as so m e cla im ) w ith w h ich m a jor n ovelties ap p ea red .
T h e stan d a rd selection ist resp on se is th a t th e seem in g
ab ru p tn ess of m a n y evolu tio n ary ch a n ges is m ore ap p a r-
en t th an real, an a rtefa ct d eriv in g from th e p a u city of
fossil reco rd s in gen eral (a p ro b lem to w h ich T he O rigin
d evotes m u ch sp a ce: th e risk of m ista k in g th e a b sen ce
of ev id en ce for ev id en ce of ab sen ce is alw ay s p resen t).
R ecen t w ork in p a la eo n to lo gy h a s u n d erscored th e im -
p o rtan ce of n o t ru sh in g to ¯ n al ju d gem en t: d ra m a tic
¯ n d in gs h ave rev ea led lo n g-sou g h t tra n sition a l fo rm s,
for ex am p le in th e evo lu tion o f tetra p o d s. A lso, g eo -
lo gica l tim e scales ca n b e m islea d in g . O n a scale of
149RESONANCE ⎜ February  2009
GENERAL  ⎜ ARTICLE
10 0 m illion y ears, on e m illion years lo ok like an in sta n t.
B u t a m illio n yea rs can en com p ass a n en orm ou s n u m b er
of g en eration s an d p rov id e en o u gh tim e fo r q u alitative
ch a n ges in tra its to ta ke p lace.
T h e g en eral o p in ion rem ain s th at th ere is n o w ay of
u n d erstan d in g ad ap tatio n , th e d e¯ n in g ch aracteristic of
liv in g orga n ism s, o th er th a n a s a resu lt of n atu ra l selec-
tio n . O n th e oth er h an d , so m e ev olu tio n ary b io lo gists
h ave b een d raw in g a tten tion to th e a b ility o f m atter to
org an ise itself sp on tan eou sly in to o rd ered sta tes. T h e
ou tcom es can b e strik in g w h en th ey resem b le gen eric
fea tu res of p lan t an d a n im a l form (e.g ., b ra n ch in g, sy m -
m etry, seria lly rep ea ted stru ctu res). B y com p arin g th e
d i® eren t p arts o f a n o rga n ism to th e c`en trifu gal gov -
ern or o f th e stea m en g in e' th at m ain tain ed stab ility b y
u sin g feed b ack , W alla ce a n ticip a ted th e gen eral p h ilos-
op h y. It is so m etim es d escrib ed as a s`y stem s', as o p -
p o sed to red u ctio n ist, a p p roa ch . T h is w ay o f lo ok in g
at p lan t a n d an im al form h ark s b ack to th e ea rly 1 900 s
an d th e a d vo cacy of D 'A rcy W en tw orth T h om p so n , a
stau n ch an ti-evolu tion ist. A m on g oth er th in gs, h e a r-
gu ed stron g ly th at verteb ra te sk eleta l m orp h olog ies w ere
b est u n d ersto o d a s eq u ilib riu m stru ctu res th a t w ere th e
resu lt of m ech an ica l fo rces, n ot a s p ro d u cts o f ev olu -
tio n . T h en th e m ath em atician A la n T u rin g sh ow ed in
19 52 th at d i® u sib le ch em ica ls th at w ere a b le to cata ly se
th eir ow n sy n th esis cou ld sp on tan eou sly giv e rise to a
ran g e o f sp atial p attern s. H ow ev er, th ere a re p ro b lem s
w ith b iological ord er th at is in d ep en d en t of gen etic in -
form ation . T h ere is n o a ssu ra n ce th a t th e sam e p attern
w ill recu r g en eration a fter g en era tio n : fo r ex a m p le, th e
en v iron m en t m ay ° u ctu ate or critica l su b strates m ay b e
in sh o rt su p p ly. A w ay to get a rou n d th is d i± cu lty h a s
b een p ro p osed . If a self-o rgan ised p attern is sta b le it
can recu r gen eration a fter gen era tio n . S u p p ose it is a lso
b en e¯ cia l an d p ersists over a su ± cien tly la rge n u m b er
of gen eration s. T h en g en etic ch a n ges cou ld o ccu r in th e
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Traits can and do
vary in the
absence of
genetic variation.
Natural selection
moulds living
organisms so that
they function as
efficiently as they can
under the  genetic
and environmental
conditions to which
they are subject.
in terim an d en su re th at th e p ro cesses th at gen era te th e
p attern b ecom e in d ep en d en t o f ex tern al stim u li an d u n -
a® ected b y ex tern al p ertu rb ation s. In th is p ictu re th e
role of n a tu ral selection is m o re to ¯ n e-tu n e a tra it th an
to ca u se its ap p ea ran ce.
T raits ca n an d d o vary in th e ab sen ce of g en etic vari-
ation . N on -gen etic va ria tio n can n ot lead to im m ed iate
evolu tion ary con seq u en ces, b u t a s w e h ave ju st seen it
h as th e p oten tial d o so if it p ersists ov er m an y gen era -
tio n s. T h a t ap art, it a p p ears likely th a t u n d er certain
situ ation s n o n -gen etic variation is a u sefu l strategy to
ad o p t b y a g rou p th at is m a d e u p o f g en etically sim ilar,
p erh ap s id en tical, in d iv id u als. T h e a rgu m en t is th a t a
gro u p in w h ich d i® eren t m em b ers d o d i® eren t th in g s is
b etter o® th an a g rou p in w h ich everyo n e d o es th e sa m e
th in g.
It is gen erally b elieved th at alon g w ith th e d evelo p -
m en t o f cu ltu re, n atu ra l selection h a s slow ed d ow n or
b ecom e in sign i¯ can t in h u m a n s. In stead , cu ltu ral ev olu -
tio n , w h ich u n like b iological evolu tion is larg ely L a m a r-
ck ian , is sa id to h av e ta ken ov er. W h ile th a t is la rgely
tru e, th e in terestin g th in g is th at cu ltu ra l evolu tion to o
m ay n ot b e free of b iolog y. W ith th e p ossib le ex cep tio n s
of lan g u ag e, co ok in g an d life cy cle rites, th ere a re m a n y
c`h ara cteristically ' h u m an cu ltu ral tra its { fo r in sta n ce
to ol u se, a gricu ltu re, a rt, m u sic an d ritu a l { fo r w h ich
it is n o t to o far-fetch ed to th in k o f a n alogies in an im a ls.
A q u estion en g agin g a tten tion is, are th ey m o re th an
an a lo gies? Is it m ean in g fu l to talk o f an im a l cu ltu re?
A n d if so , ca n o n e trace lin k s w ith th e corresp o n d in g
h u m a n traits?
N a tu ral selectio n m ou ld s liv in g o rg an ism s so th at th ey
fu n ctio n a s e± cien tly a s th ey can u n d er th e gen etic a n d
en v iron m en tal con d ition s to w h ich th ey a re su b ject. G e-
n etic variation s o ccu r ran d om ly, an d th e o n es th at lead
to ad a p tiv e ch an g es sp rea d th rou gh th e p op u la tion .
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A d ap tation is said to b e to an en v iro n m en t; eco lo gists
sp ea k of a n o rgan ism 's n` ich e'. E ven th o u gh th e en -
v iro n m en t in clu d es oth er o rgan ism s, th is is a p assive
v iew o f th e role of th e evo lv in g o rgan ism itself. B u t
w h a t if a n im als a n d p erh a p s p lan ts ta ke an activ e p art
in con stru ctin g th eir ow n en v iron m en ts, som eth in g th at
w e k n ow h a p p en s all th e tim e? W eav er b ird n ests, ter-
m ite m ou n d s a n d b eav er d am s a re sp ectacu lar ex am p les.
C a ses su ch a s th ese h av e fu elled th e grow th of w h at
is called n ich e con stru ction th eory, a th eory still in its
in fa n cy. Its go al is to in corp orate th e elem en t o f self-
rein forcem en t (or feed b a ck , or au to cata ly sis) im p licit in
su ch situ ation s in to stan d a rd evo lu tion a ry d iscou rse.
O n ly tim e w ill tell w h eth er th e p ossib ilities m en tion ed
h ere w ill m o d ify th e D a rw in ian p ictu re o f evolu tion in
an in terestin g w ay or m erely ad d fo o tn otes to it.
D a rw in a fte r T h e O rig in o f S p ec ie s
In th e lo n g ru n , th e su ccess o f a th eo ry h a s to d o w ith
a n u m b er of fa cto rs. Its scop e an d ex p lan a tory p ow er,
w h eth er it con tin u es to fu l¯ l a n eed , h old s its ow n v is-
µa-v is altern a tiv e th eories, a n d so on , all com e in to th e
p ictu re. B u t if a th eory is to catch on w h en it is ¯ rst p ro -
p o sed , it m u st b e n ov el an d it m u st s`m ell rig h t'. A n u n -
d erly in g m ech a n ism for im p lem en tin g th e assu m p tio n s
of a th eo ry is so m eth in g to b e p rized , a b on u s. B u t
it is n o t essen tia l. D arw in 's com p reh en siv e an a ly sis of
evolu tion in T he O rigin of Species, in w h ich n atu ral se-
lectio n w as th e m ost im p orta n t b u t n ot sole en gin e of
evolu tion ary ch an ge, sm elt rig h t. W h en su b seq u en t a d -
van ces in b iology u n cov ered th e d etails b eh in d h erita b le
variation s, th e feelin g w a s rein fo rced .
T h e eigh t b o ok s th a t D arw in w rote after T he O rigin {
th ere w ere six teen in a ll { in itia ted resea rch in d iverse
areas o f b io log y. T he D escent of M an, an d Selection in
R elation to Sex is, as th e title su ggests, tw o b o o k s in
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Further Reading
The Darwin Online site (www.darwin-online.org.uk) is a gold mine; it claims that it
has all of Darwin’s published and unpublished writings. If no citation is given, it
should be assumed that a quotation used in this article comes from there. There is
also a less comprehensive Alfred Russel Wallace Page (www.wku.edu/~smithch/
index1.htm); a review of Peter Raby’s Alfred Russel Wallace: A Life (Princeton
University Press, 2002) draws attention to the different route that led Wallace to
natural selection (www.ias.ac.in/resonance/March2008/p277-282.pdf; Resonance,
pp.277-282, March 2008). Two modern, scholarly and readable biographies of
Darwin are by Adrian Desmond and James Moore (Darwin: A tormented evolution-
ist; Penguin, 1992) and E Janet Browne (Charles Darwin: Voyaging and Charles
Darwin: Power of Place; Jonathan Cape, 1995 and 2002).  A much smaller but
insightful biography is Cyril Aydon’s Charles Darwin (Robinson, 2002).  J Maynard
Smith’s The Theory of Evolution (Penguin Books, 1993) deals with evolutionary
biology. The best description of natural selection that I know is The Blind Watch-
maker (Penguin, 1990) by Richard Dawkins. Two excellent books explore how it
works in detail: A Cornish-Bowden’s Pursuit of Perfection (Oxford University
Press, 2004) does so in the case of biochemical pathways and J T Bonner’s Why Size
Matters (Princeton University Press, 2006) shows how a simple theme can lead to
varied outcomes. G G Simpson treats the theme of evolutionary opportunism in The
on e. T he E xpression of the E m otions in M an and A n i-
m als estab lish ed th e ev olu tio n ary b asis of ep istem olo gy
an d fo u n d ed th e (cu rren tly con troversial) ¯ eld of ev olu -
tio n ary p sy ch ology. O f th e rem ain in g seven , six w ere on
p lan ts an d , as J B S H ald an e p u t it, are con cern ed w ith
th ose asp ects o f p lan t life w h ich are m ost lik e a n im al a n d
h u m a n life. H a ld a n e w en t so far as to say th a t th ese,
n ot th e th eory o f ev olu tion , co n stitu ted D arw in 's m o st
origin al co n trib u tion to b iology. T h ey d ea l w ith sen -
so ry p ercep tion , m ovem en t, p red ation a n d rep ro d u ctive
strategies. (T h e w ork o n p lan t b eh av iou r w as ca rried
forw ard b rillian tly b y J C B ose.) D arw in rem ain ed ac-
tiv e till th e en d . H is last p ap er w as p u b lish ed th irteen
d ay s b efore h e d ied o n 1 9 A p ril 18 82. It co n ta in ed a
v in d ication of th e claim th a t even a sed en tary sh ell¯ sh
(co ck le) co u ld d isp erse ov er larg e d istan ces b y la tch in g
on to th e leg of a w ater in sect or frog . T h e w ork w a s
b ased o n a rep ort th a t h e h a d receiv ed fro m F ran cis
C rick 's gran d fath er.
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Meaning of Evolution (Yale University Press, 1949). See The contribution of Ibn
Sina (Avicenna) to the development of earth sciences (Al-Rawi et al., Foundation for
Science Technology and Education, 2002; http://www.muslimheritage.com/uploads/
ibnsina.pdf) for an early example of uniformitarianism. On Growth and Form by
D’Arcy Thompson (Cambridge University Press, 1992; abridged edition by John
Tyler Bonner) is a classic exposition of the physicalist approach to biological form,
and a recent book on the subject by Forgacs and Newman is reviewed in http://
www.iisc.ernet.in/currsci/dec102006/1568.pdf.  M Morange discusses Darwinian
and other approaches to the origin of life in Life Explained (Yale University Press,
2008). S Sarkar’s Doubting Darwin? (Wiley-Blackwell, 2007) contains a robust
rebuttal of ‘creationist designs on evolution’.  J T Bonner’s The Evolution of Culture
in Animals (Princeton, 1986) considers how biology might have played a role in
cultural evolution. The story of Darwin’s last paper is given in Discoverer of the
Genetic Code by Matt Ridley (HarperCollins, 2006).
